O F ALL the materials associated with dental practice and technic, those containing gypsum products are probably used most extensively. In keeping with this fact, a great deal of research has been directed toward problems involving the physical behavior of these materials. It is felt, however, that knowledge is lacking on some of the more fundamental behavior characteristics. The manifestation of this deficiency is the presence of many phenomena which exist when dental gypsums are used. An illustrative example would be the hygroscopic expansion of dental casting investments containing gypsum as a binder. Since there is no established theory on the mechanism of this action, it is just as difficult for the dental manufacturer to compound an adequate material as it is for the dentist to use it properly. The purpose of -this paper is to resolve some of these difficulties by studying one very fundamental characteristic of these materials, namely, the volumetric behavior of dental gypsums during the process of setting.
All dental gypsum products which include plaster, stone or hydrocal, the improved stones, and the binder of most gold casting investments are essentially composed of the hemihydrate form of calcium sulfate (CaSO41/½H2O).
When mixed with water, the hemihydrate is converted to the dehydrate form of calcium sulfate (CaSO,-2H2O) and this process is synonymous with the observed setting action. Specifically associated with this reaction is the paradox which exists with respect to the volumetric behavior of the mixed mass. It is common knowledge that an expansion accompanies the setting process; yet, a contraction should occur based on theoretical considerations as is shown in Table I . Skinner' wrote of this anomaly and explained that the expansion is only apparent and is possibly caused by the thrusting of the gypsum crystals in the direction of their growth during setting. It is the specific purpose of this paper to determine whether a volumetric contraction does exist and, if so, how it can be explained in the presence of a measurable expansion. A thorough search of the dental and chemical literature was of no assistance except for one article by J. H. Van 't Hoff2in which the author measured a contraction of plaster of Paris during setting. However, the method of measurement as well as the objectives of the experiment precluded any adaptation of the results to the problem at hand. Accordingly, an apparatus was designed and tests were run to measure the true volumetric behavior of dental gypsum materials on setting.
These studies were aided by a contract between the Office of Naval Research, Department of the Navy, and the University of Michigan (NR180-360). Fig. 1 shows the apparatus used, along with a schematic diagram indicating its component parts. The setup operates on a dilatometer principle in which the sample of plaster, stone, or investment is placed in a closed fluid system and the change in volume is determined by the movement of the fluid in a capillary tube.
Immediately after being mixed, the material is poured into an inlay ring having a base on which a wire hook has been soldered. Another long wire hook was used to lift the ring and place it carefully into the flask (D). The glass cap (C) was placed onto the flask (D), a seal being achieved by virtue of a ground glass joint. Another ground glass joint seals the capillary tube into the glass cap (C). The fluid used in this system was water, which was stored in reservoir (A) and allowed to enter the system through valve (B). Thermocouples in series were placed in the fluid system to allow for compensation of exothermic and ambient temperature effects on the fluid system.
With a moderate degree of speed, fiducial measurements could be made 4 to 6 minutes after the start of mix. Volumetric behavior previous to this time was determined by extrapolation.
The capillary tube was calibrated and found to hold .007 c.c. of water per lineal centimeter. Since readings could be taken to within 1 mm., the accuracy of measurement was .0007 c.c. or percentagewise (using 25.7 c.c. as the initial volume) approximately .003 per cent change in volume could be recorded. When the water column in the capillary tube approached the bottom of the scale, valve (B) was opened, the water columnn rose to the top of the scale, and further readings were taken which were then added to the previous readings, thereby yielding a continuous recording. June. 193.3 known as setting expansion (due possibly to a thrusting of the gypsum crystals in their growi-th) is a-n apparent volumetric change, and although it perceptibly increases the outer dimensions of the sanlJ)le, the true volume has not been affected. For this particular situation, therefore, no -volume change would be registered.
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RES'IT4LTS AND DISCUSSION
In Fig. 2 is shown typical curves for the tfine volumetric behacvior of the same initial volume of plaster, stone, improved stone, and a hygroscopic casting investm-ent. As can be seen, a vTolumnetrie contra'cition accompanies the setting process. From these tests, it is ap])arent that although the outer dimensions of the sample increase slightly. on the basis of setting expansion measurenments, the true volume of the mIss has decreased. rhis decrease must be manifest in a porosity formation. within the sample, which is (about equal] in volume to the measured contraction. OIL the basis of this porosity fornIation, a, driving force must then exist within. the setting Iass which driaws hi the ambient atmosphere, whether it be air, water, or aniy otlher gaseous or fluid] medium.
Several totherl points of iniforniatiorlL cani be (leteriiiiiied by a study of Fig.  2: (1) The slol)e of these eurvres at any Ilaticulair point is sillim)ly the rate of reaction inl the process of coni\versioni of' the henilibyda-llte to the (ihydrate form of calcium sulfate. This ma-iy prove to lbe of :further research value when the settling process itself is miiore thoroughly investigated. ( 2) The completeness of the reaction at any time after mix can be established. As can be seen from the curves, the major portion of the reaction has been completed at 30 minutes and at 1 hour to 11/2 hours, the reaction has been almost entirely completed.
This substantiates a point which one of us (D. B. M.)3 raised previously in which the completion of the reaction on the basis of hardness tests was observed to be approximately 1 hour after mix. In Fig. 3 J. D. Re. June. 1953 a setting time of 181/2 minutes. Because of this situation, the significance of these volumetric contraction curves can be illustrated more clearly. The longer setting time run has a relatively slower rate of reaction and completes any specific portion of its reaction at a later time than the shorter setting time run; however, both reactions tend toward completion at about the same time and they observe the same total contraction value after the completion of the reaction, irrespective of the paths they choose to follow. (3) The amount of the ambient atmosphere to be drawn into the sample during the setting process, for the same initial volume of mix, varies with respect to the type of material being used (Fig. 2) . The improved stone draws in the most, dental stone next, then plaster, and finally the casting investment. To analyze these curves more thoroughly and to validate the ca-use of this phenomenon, a bar graph is presented in Fig. 4 in which the total contraction at 120 minutes after mixing is given for all the materials tested in addition to the contraction which should occur theoretically; however, instead of representing equal initial total volumes encompassed by the inlay ring as is shown in Fig. 2 , this graph is the contraction per unit weight of the hemihydrate present in these initial volumes. Theoretically, since the contraction is caused by the conversion of the hemihydrate plus water to the dehydrate, the amount of contraction measured should depend on the amount of hemihydrate present in the inlay ring. The bar graph in Fig. 4 is a result of this postulation. The information and calculations necessary for the values of Fig. 4 are given in Tables II, III, IV, V, VI, and VII, and are listed as follows: Table II The over-all conclusion to be drawn from Fig. 4 is that the values of the measured contraction are quantitatively within the range of the theoretically determined contraction, thereby validating the cause of this volumetric behavior. 
